Purpose. To review 22 patients who underwent 2plate fixation for non-union of the humeral shaft. Methods. 13 women and 9 men aged 32 to 76 (mean, 48) years underwent fixation for non-union of the humeral shaft, using a 2-plate construct, together with decortication, debridement, and bone grafting. The two 3.5-mm reconstruction plates were parallel and lying at 90º to each other and fixed with screws purchasing into at least 6 cortices of each fragment for both plates. Fractures were located in the upper third (n=8) or middle third (n=14) of the humerus. Initial treatments included casting (n=9), coaptation splinting (n=8), multiple retrograde pinning (n=4), and Marchetti-Vicenzi nailing (n=1). 18 non-unions were atrophic and 4 were hypertrophic. Shoulder and elbow range of motion as well as functional results were evaluated. Results. The time for union was 4.6 (range, 4-6) months. No implants were loose or broken. No nonunion or infection was noted. Functional results were excellent in 17 and good in 5 patients. One patient had iatrogenic radial nerve palsy that recovered within 3 months. Conclusion. Two-plate fixation achieves good results for humeral shaft non-unions.
INTRODUCTION
Treatments for non-union of the humeral diaphysis include intramedullary nailing, [1] [2] [3] [4] [5] [6] Ilizarov external fixation, 7, 8 and compression plating with bone grafting. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Failure rates of intramedullary nailing using the Seidel nail were 30% to 60%, 1,5,6 but using the unreamed humeral nail 2 or the Marchetti-Vicenzi nail 3 the union rate was 100%. Ilizarov external fixation has yielded a union rate of 94%, 7, 8 but requires long fixation time and risks pin-tract infection and patient discomfort because of the large size of the frame. Plate fixation with bone grafting achieves a union rate of >90%, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] but requires a wide dissection which entails a high risk of damage to the radial nerve (around 5%). 11, [13] [14] [15] [16] 18 Poor bone quality or a deficient plate technique may lead to non-union. 15 ,20 A 2-plate construct is significantly stiffer than a single-plate construct, 17 and attains a similar healing rate. We retrospectively reviewed 22 patients who underwent 2-plate fixation for non-union of the humeral shaft.
MATERIAL AND METHODS
From January 1999 to October 2005, 13 women and 9 men aged 32 to 76 (mean, 48) years underwent fixation for non-unions of the humeral shaft using a 2-plate construct ( Table 1 ). Non-union was defined as a fracture that had not united after 6 months of treatment. All were closed fractures, with no primary or iatrogenic radial nerve injuries. The fracture types according to the AO/OTA classification were A1 (n=9), A2 (n=7), and A3 (n=6), and were located in the upper third (n=8) or middle third (n=14) of the humerus. Initial treatments included casting (n=9), coaptation splinting (n=8), multiple retrograde pinning (n=4), and Marchetti-Vicenzi nailing (n=1). The mean time interval from injury to surgery for non-union was 10 (range, 7-13) months. 18 non-unions were atrophic and 4 were hypertrophic.
The posterior approach was used in the patient with a Marchetti-Vicenzi nailing ( Fig.) Two-plate fixation for humeral shaft non-unions 137 approach was used in patients with upper third fractures, and extended distally as needed, with the radial nerve protected. The anterolateral approach was used in patients with middle third fractures, and extended proximally as needed, with the radial nerve protected. The brachialis was split longitudinally in line with its fibres between its medial and lateral portions. The lateral portion was retracted laterally with the radial nerve to avoid touching it. After decortication and debridement, a construct of two 3.5-mm reconstruction plates parallel and lying at 90º to each other was fixed with screws purchasing into at least 6 cortices of each fragment for both plates. The lateral portion of the brachialis was placed between the plate and the radial nerve. Iliac crest autologous cancellous bone graft was added.
The humerus was immobilised with a sling for 2 weeks. Range-of-motion exercises for the shoulder and elbow were encouraged thereafter. Heavy lifting should be avoided until there was radiographic evidence of healing. Patients were followed up monthly. Healing was defined as the presence of bridging callus in at least 3 cortices on 2 radiographic views. Shoulder and elbow range of motion was deemed excellent when <10º of range of motion in any direction was lost, moderate when the loss was 10º to 30º, and poor when the loss was >30º. Functional results were evaluated according to the Stewart and Hundley classification 21 ( Table 2) .
RESULTS
The time for union was 4.6 (range, 4-6) months. The mean follow-up duration was 18 (range, 13-25) months. All pseudarthroses healed. No implants were loosened or broken. No non-union or infection was noted. The range of motion of the shoulder was excellent in 18 and moderate in 4 patients, and the range of motion of the elbow was excellent in 19 and moderate in 3 patients. Functional results were excellent in 17 and good in 5 patients.
One patient had 10º varus malunion (which was residual from initial treatment), 3 had 10º limitation of shoulder external rotation, one had 10º limitation of shoulder internal rotation, and 3 had 10º limitation of elbow extension. One patient had an iatrogenic radial nerve palsy that recovered within 3 months.
DISCUSSION
Plate fixation and bone grafting achieves >90% union rates in patients with humeral shaft non-unions. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] The rates for intramedullary nailing range between 30 and 60% for the Seidel nail 1, 5, 6 and 100% for the unreamed humeral nail 2 or the Marchetti-Vicenzi nail. 3 There was no significant difference in the union rate and the time to union between plating and nailing, but transient radial nerve palsy was more common after plating. 22, 23 Plate fixation requires a wide dissection that carries a high risk of damage to the radial nerve; such palsies are usually transient and their incidence is around 5%. 11, [13] [14] [15] [16] 18 Sufficient screw purchase for stable fixation may be difficult to obtain in patients with osteoporosis secondary to ageing, disuse or previous surgery. Methods to enhance fixation stability in cases of osteopenia include the use of a long plate, a blade plate, 2 plates, reinforcing screw fixation with polymethylmethacrylate, replacing the 4.5-mm cortical screws with 6.5-mm cancellous screws, adding an allograft strut on the medial surface of the humerus, and attaching washers and nuts to the plate and screws. 11, 15, 17, 19 Locking compression plates enable screws to lock directly into the plate and yielded a 92% union rate in elderly patients. 16 Both dynamic and locking compression plates attain comparable results, but locking compression plates may be more reliable in patients with poor bone stock. 20 A 2-plate construct (a posterior limited-contact dynamic compression plate and a reconstruction plate) was significantly stiffer than a single limitedcontact dynamic compression plate construct, 17 but the stiffness of a locking plate versus a 2-plate construction was not compared. The complication and non-union rates were similar in fixations using
Factors Excellent Good Fair Poor
Pain No Occasional After effort Permanent Range of motion Full <20º limitation 20º to 40º limitation >40º limitation Alignment and complications Good <10º angulation >10º angulation Non-union, iatrogenic radial nerve palsy 17 The torsional stability of a locked plate is 3 times greater than that of a conventional plate. 20 In our study, fixation with the 2-plate construct together with debridement, bone grafting, and fixation of the non-union provided the best biomechanical conditions for bone union. Correction of the deformity and debridement of the non-union site enabled application of the second plate without additional soft-tissue dissection. The amount of dissection for two 3.5-mm reconstruction plates or one 4.5-mm plate is similar after debridement. There were no non-unions and only one patient endured a radial nerve palsy, which was transient. For uniformity, all patients received bone grafting, consistent with other studies. 9, 17, 20 Bone grafts can be taken from the hypertrophic non-union site. They may be unnecessary in hypertrophic non-unions, particularly when the fracture was of a short, oblique-type, owing to the lack of space between fracture gap.
